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MH05KECTBEHHBIE OOPMbI MAJIATJJ,ErH/],POrEHA3bI 
(K.Q.1.1.1.37) y CRITHIDIA ASCLEPII H C. ONCOPELTI 
(MASTIGOPHORA, TRYPANOSOMATIDAE) 

M. B. KpbmoB, JI. M. BejioBa 

H303hmhhh aHaJiH3 mMflF y Crithidia asclepii h C. oncopelti c Hcnojib 30 BaimeM ajieKTpo- 
<$ope3a h ^eHCHTOMeTpH^ecKoro MeTO^a no3BOjraji BbicKa3aTB ripeflnojiojKeime o ^hiuioh^hocth 
h Hajin^HH reHeTH^ecKHX o6MeHOB y 3 thx opraHH3MOB. CnHTe3 mMflr y C. asclepii KOHTpojrapy- 
eTca AynjiHu;HpOBaHHbiMH nojiHMOp^HbiMH jiOKycaMii Mflr-1 h M^r-2 c AByMH ajuiejiHMH KaJK^bin, 
y C. oncopelti (J)yHKu;HOHHpyioT Tanase #Ba «ji;o^epHHx» jiOKyca — nojiHMOp(j)Hbra M^r-1 c TpeMH 
ajuiejiHMH h MOHOMOp(j)HbiH Mffr-2. Cxo,n;cTBa h pa3JinqnH b h303hmhhx cneKTpax inM^r MoryT 
6biTb HcnojiL30BaHbi rjih. TaKcoHOMiiqecKHX ijejien. 

Pha (J)epMeHTOB cyni;ecTByeT y o^Horo n toto >Ke opraHH3Ma h ^a>Ke b o^hoh 
KjieTKe b BH^e hgckojibkhx MOjieKyjiapHLix $opM. MHorne H3 9thx $opM reHeTH- 
aeCKH ^eTepMHHHpOBaHLI H pa3JIHHaK)TCH nOCJieftOBaTeJIBHOCTBK) aMHHOKHCJIOT. 
3th pa3HOBHAHOCTH MOJieKyji o,o,Horo h toto >Ke $epMeHTa OTJinaaiOTCH 3HaaeHHeM 
cyMMapHoro ajieKTpnaecKoro 3apa,n;a h MoryT 6bitb BBmejieHBi H3 kjigtohhbix cy6- 
CTpaTOB MeTO^OM rejiB-9JieKTpo(|)ope3a. SjieKTpo^opeTHaecKHH MeTOA bbihbjighhh 
H309H3HMHBIX $OpM (|)epMeHTOB HIHpOKO HCnOJIB3yeTCH B nOnyJIHIJHOHHOH reHeTHKe 
pa3JiHHHBix rpynn jkhbothbix, pacTeHHH h MHKpoopraHH3MOB. B nocJieflHHe to^bi 
9tot MeTOA Haaajin npnMeHHTB ,o;jih pememiH Bonpoca o hjioh,hhocth h HajiHann 
reHeTHaecKHX oSmghob y TpnnaHocoMaTHji,. B pynax ojjhhx HCCJieAOBaTejien (Ti¬ 
bayrenc, Desjeus, 1983) MeTOA H309H3HMHoro aHajiH3a ,n;aji OTpmjaTejiBHBiH OTBeT 
Ha Bonpoc o cymecTBOBamm nojiOBoro npoijecca y TpHnaHOCOMaTHft, b pynax Apy- 
thx (Tait, 1980; Maazoun e. a., 1981; Tait, 1983) — nojioaaiTejiBHBiH, TpeTBH 
(Tibayrenc e. a., 1981; Tibayrenc e. a., 1981) nojiyanjin npoTHBopeaHBBie pe3yjiB- 
TaTBi. CoBepmeHHo oaeBHflHO, hto jjjih oKOHaaTejiBHoro pemeHna Bonpoca HeoSxo- 
jjhmbi AonojiHHTejiBHBie HinpoKne HCCJieflOBaHna Ha pa3JiHHHBix rpynnax 9thx op- 
raHH3MOB h b nepByio oaepejjB Ha hh3hihx TpnnaHocoMaTHAax. Ecjih b >KH3HeHHOM 
n,HKJie TpHnaHocoMaTHA cyni,ecTByeT nojiOBOH npoijecc, to oh, BepoaTHee Bcero, 
MO>KeT 6bitb o6Hapy>KeH y hh3hihx TpHnaHocoMaTH#, noTOMy hto 9bojhod,hohho 
npoj^BHHyTBie $opMBi motjih ero yTepaTB npn aAanTaD,HH k TenjioKpoBHBiM xo3ae- 
BaM. 3th coo6pa>KeHHa nocjiyaaiJiH ocHOBaHneM jyia H3yaeHna H309H3HM0B MajiaT- 
jj;erH ( uiporeHa3Bi y npeflCTaBHTejieH pojj;a Crithidia. 

MATEPHAJI H METOJJHKA 

B aKcnepHMeHTax HcnojiB30BaHa KyjiBTypa kphth^hh, nojiyaeHHaa H3 Mockob- 
ckoto rocyAapcTBeHHoro yHHBepcHTeTa, b cboio oaepe^B b Mry KyjiBTypa bBijia 
nepe^aHa aoktopom UpoBnaeM H3 HCCP (MacaoB h ap •, 1982). 

H309H3HMHBIH aHaJIH3 H H3yaeHHe pa^a npH3HaKOB KJieTOK, BXOJJHHJHX B KyJIB- 
Typy kphth^hh, noKa3ajiH, hto b Hen coflepjKaTca ABa caMOCToaTejiBHBix BH^a Kpn- 
thahh — Crithidia oncopelti, HMeiomnn SaKTepnajiBHBix 9h,hochm6hohtob, h 6e3- 
chmShohthbih — C. asclepii. 

KyjiBTHBnpoBaHHe KpHTH^HH npoBO^HjiH Ha jkhjjkoh cpe,o;e cjie,uiyK)H],ero co- 
CTasa (b r): HG1 — 0.42, NaCl - 5, KH 2 P0 4 - 0.272, Na 2 HP0 4 — 2.6, tjiio- 


Q) H3AaTejitCTBO «HayKa», «Hapa3HTOJiorHH», 6, 1984 r. 
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ko3bi — 20, rHftpojiH 3 aT Ka 3 enHa — 15, APOHOKeBOH aKCTpaKT — 15, pacTBop 
MHKpoajieMeHTOB (Newton, 1956) — 10 mji, AHcrajurapoBamioH boabi ao 1 ji. Kjio- 
HnpoBaHHe h nojiynemie 6ojibhihx KOJinnecTB KJieTOK npoBOAHjra Ha TBepAOH hh- 
TaTejibHOH cpeAe, OTjranaiomeHCH ot >khakoh noHH>KeHHBiM C 0 Aep>KaHHeM rjii 0 K 03 Bi— 
4 rn HajiHHneM arapa — 20 r; pH cpeA — 7.5. Ilocjie CTepHjiH 3 an;HH b aBTOKjiaBe 
(AaBjieHne 0.5 aTM. b TeneHne 30 mhh) b cpeAti Ao 6 aBJiHjra nemmHjijiHH 500 eA./ MJI 
h CTpenTOMHAHH 500 MKr/MJi. HenocpeACTBeHHO nepeA 3 aceBOM KyjiBTypBi, TaM, 
rAe 3to 6bijio Heo 6 xoAHMO no ycJiOBHHM 3 KcnepnMeHTa, b cpeAy bhochjih reMHH. 
KjiOHnpoBajiH no MeTOAnne A. C. Xaen,Koro (1982). KjieTKn pa 3 pymajin nyTeM 
HeTBipexnpaTHoro 3 aMopa>KHBaHHH npn — 35 °C n OTTanBaHnn npn 18 + 2 °CL 
9 jieKTpo(|)ope 3 BBinojiHeH b nojinaKpnjiaMHAHOM rejie (Gibson e. a., 1978). BjieKTpo- 
$operpaMMBi CKaHnpoBajincB n o 6 pa 6 aTBiBajincB Ha aBTOMaranecKOM cneKTpo- 
$OTOMeTpe DU-8B $npMBi «Beckman» CIIIA. 


PE3yJIbTATBI HCCJIEflOBAHHfl 


MJ\T — AHMep, nooTOMy npn 3 JieKTpo(|)ope 3 e y reTepo 3 nroT aoji>kho Ha 6 jiio- 
AaTBcn Tpn nojiocBi aKTHBHocTH, a y roM 03 nroT — OAHa. 9 jieKTpo(|)ope 3 M^r 
y 82 kjiohob Crithidia asclepii bbihbhji Hajinnne cpeAn hhx 3hmoa6mob AByx ra- 
noB — TpexnojiocnaToro (I) b 81.7% cjiynaeB n AByxnojiocnaToro (II) b 18.3% 
cjiynaeB (pnc. 1 ). 

y Bcex 67 kjiohob C. asclepii, HMeioin,Hx TpeynojiocnaTBiH ran 3HMorpaMM, 
ycTaHOBjieHo HajiHHne onpeAejieHHon TeHAemi,HH — HepaBHOMepHocTH b onpacKe* 
nojioc. Bo Bcex cjiynanx HHTeHCHBHOCTB onpacKH nojioc yMeHBinaeTCH no HanpaB- 
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Phc. 1. 06o6m,eHHaH cxeMa 3HMorpaMM 82 kjiohob Crithidia asclepii . 

I — TpexnOJIOCHaTblH THII 3HMOACMOB, II — AByxnOJIOCHaTblft THII 3HMOAeMOB. 

Phc. 2. TeHeTHHecKaH AHiuiOHAHan AByxjiOKycHan MOAejib. IIpoAyKTH jiOKycoB He B3aHMOAeft- 
CTByiOT Me>KAy C 06 ofi npn (J)OpMHpOBaHHH HeTBepTHHHOH CTpyKTypH H303HMOB. 


jieHnio k aHOAy. Han 6 ojiee HHTeHCHBHO onpaninBajiacB «MeAJieHHan» nojioca c orao- 
CHTejiBHon 3 JieKTpo(|)operanecKon hoabh>khoctbio (On) paBHon 0.51, cjia 6 ee — 
cpeAHHH, c On 0.73 n ein,e cjia 6 ee « 6 BiCTpan» nojioca, c On 1.0. 

CaMoe npocToe oG'BHCHemie 3 thx $aKTOB MO>neT 6 bitb abho c noMOin,Bio ahiijioha- 
hoh AByxjioKycHon reHeranecKon MOAejin, rAe oahh h 3 JiOKycoB bo3hhk b pe3yjiB- 
TaTe AynJinKan;HH, n npoAyKTBi JiOKycoB He B3anMOAencTByiOT Me>KAy co6on npn 
$OpMHpOBaHHH HeTBepTHHHOH CTpyKTypBI H303HMOB (pHC. 2). CorJiaCHO C 3TOH 
MOAejiBio npoAyKTBi reTepo3nroraoro Jionyea MAr-1, HMeiomero ajuiejin A 1 n A, 
npn cJiynanHOM o6T>eAHHeHHH cySTjeAHHnii; $epMeHTa, aoji>khbi 6bitb npeACTaBJieHBi 
TpeMH pa3JIHHHBIMH H303HMaMH B COOTHOineHHH 1A 1 A 1 : 2AA 1 : 1AA, a npoAyKTBi 
roM03nroraoro no ajuiejiio A jioKyca MAr-2 oahhm h303hmom b nponopn;HH 44A. 
CjieAOBaTejibHO, npoAyKTBi o6onx «AonepHnx» JiOKycoB aoji>khbi CHHTe3npoBaTBCH 
KJieTKon b cooraonieHHH 1A 1 A 1 : 2AA 1 : 5AA. 

fleHCHTOMeTpHnecKHH aHajiH3 TpexnojiocnaTBix 3HMorpaMM AByx kjiohob C. as¬ 
clepii noKa3aji, hto H3MepeHHBie onranecKne njioraocra nojioc Ka>KAoro KJiOHa, kojih- 
necTBeHHo xapaKTepH3yiOH],He h303hmbi, 6jih3Kh k onoiAaeMBiM nponopn;HHM 
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1:2:5, y KjioHa 162 ohh coothochtch Kan 1 : 1.95 : 6.89; a y KjioHa 163 Kan 
1 : 1.53 : 5.47. 

y 15 kjiohob C . asclepii , HMeioiAnx AByxnojiocnaTBiH ran 3HMorpaMM, «6LiCTpaH» 
nojioca no ajieKTpocJjoperanecKOH hoabhhoiocth coBna^aeT c «6bictpoh» hojiocoh 
b 3HMorpaMMax TpexnojiocnaToro rana n Ha 3toh ocHOBe MomeT 6litb OTO^ecT- 
BJieHa c h303hmom A 1 A 1 , KOHTpojinpyeMLiM b flByxnojiocnaTLix $eHoranax roM03nroT- 
HLiM no ajuiejiio A 1 jioKycoM M^r-1. «MeAJiemiaH» nojioca b 3 HMorpaMMax A®yx- 
nojiocnaToro rana ouinnaeTCH no On (0.62) ot Bcex H3yneHHBix n Ha 3tom ocHOBaHnn 
MomeT HHTepnperapoBaTBCH nan npoAyKT MyTaHraoro no ajuiejiio A 11 jioKyca 
M^r-2 b r0M03nr0TH0M coctohhhh. TaKHM o6pa30M, Ha6jiiOAaeMBie KOJinnecTBemiBie 
cooraomeHHH b onpacKe nojioc n nx B3anMHoe pacnojiomeHHe y 3hmoa6mob Tpex- 
nojiocnaToro n AByxnojiocnaToro ranoB cjiymaT yKa3aHneM Ha (jjyHKipioHHpoBaHHe 
y C . asclepii AynjraipipoBaHHBix jioKycoB M^r-1 n MAr-2. Ilpn 3tom o6a «AOHepmix» 
.jionyca nojiHMop$HBi c flByMH ajuiejiHMH KamAHH. JIoKyc M^r-1 HMeeT ajuiejin A 
n A 1 , JioKyc MAr-2 — An A 11 . TeHeranecKaH CTpyKTypa y kjiohob c 3 HMorpaMMaMH 

TpexnojiocnaToro rana HMeeT bha AAAA 1 , y kjiohob 
_ jq c AByxnojiocnaTBiM ranoM — A 1 A 1 A 11 A 11 . 

-6.91 y C . oncopelti BBiHBjieHo TaKme A®a $eHorana— 
-0.89 TpexnojiocnaTBin (///), BCTpenaiomnncH oneHB pe^Ko — 
b 1.14% cjiynaeB, h AByxnojiocnaTBiH (IV), o6Ha- 


-0M8 

Phc. 3. 06o6ni;eHHaH cxeMa 3HMorpaMM 88 kjiohob Crithidia 
oncopelti . Ill — TpexnojiocHaTtm ran 3 hmoagmob; IV — A^yx- 

■- nOJIOCHaTBIH THn 3HMOAeMOB. 

pyrnemiBin y 87 H3 88 H3ynemiBix kjiohob (pnc. 3). B 3HMorpaMMe TpexnojiocnaToro 
rana C. oncopelti HHTeHCHBHocTB OKpacKH nojioc HMeeT TeHAempno, cxoAHyio c Ta- 
koboh b 3HMorpaMMax TpexnojiocnaToro rana y C. asclepii. Han6ojiee hht6hchbho 
oKpaiHHBaeTCH «MeAJieHHaH» nojioca c On 0.48, cjiaSee — cpeAHHH c On 0.89 h Me- 
Hee HHTeHCHBHO — «6BicTpan» c On 1.0. ^eHCHTOMeTpnnecKHH aHajiH3 3HMorpaMMBi 
KjioHa 154 C. oncopelti bbihbhji cjieAyiomHe cooraomeHHH b onranecKon nJiOTHOcra 
nojioc: 1 : 1.63 : 6.22. 8th cooraomeHHH 6 jih3Kh k onomaeMBiM (1 : 2 : 5) b coot- 
BeTCTBHH c BBimepaccMOTpeHHOH rnnoTe30H ahhjiohahoh AByxjioKycHon reHera- 
necKOH MOAejiH. 

Bee AsyxnojiocnaTBie 3HMorpaMMBi 87 kjiohob C. oncopelti HMeiOT OAHy TeHAeH- 
11,1110 b onpacne nojioc. «MeAJieHHan» nojioca c On 0.48 onpameHa 3HamiTeJiBHO hh- 
TeHCHBHee «6bictpoh» nojiocBi c On 0.94. 

,II,eHCHTOMeTpHHecKHH aHajiH3 3HMorpaMMBi AByxnojiocnaToro rana KjioHa 157 
noKa3aji, hto onranecKne njioraocra «6bictpoh» h «MeA«aeHHOH» nojioc HMeiOT 
cooraomeHne 1 : 4.49. HaSjiiOAaeMBie KOJinnecTBemiBie cooraomeHHH HHTeHCHB- 
hocth OKpacKH nojioc y C . oncopelti b 3HMOAeMe AByxnojiocnaToro rana 6jih3Kh 
k 1 : 5. CooraomeHne onranecKOH njioraocra nojioc 3HMOAeMOB AByxnojiocnaToro 
rana HanoMHHaeT cooTBeTCTByiomne cooraomeHHH MemAy «6 bictpoh» h «MeA«aeH- 
hoh» noJiocaMH b 3HMOAeMax TpexnojiocnaToro rana. Mojkho AyMaTB, hto y kjio¬ 
hob C. oncopelti , HMeiomnx AByxnojiocnaTBiH ran 3HMOAeMOB, jih6o He o6pa3yiOTCH 
reTepoAHMepBi AA n , jih6o ohh He bbihbjihiotch b Hainen cncTeMe. TeTepoAHMep 
3 aperHCTpnpoBaH tojibko y oAHoro H3 88 H3yneHHBix kjiohob C. oncopelti . 

HmorAa $epMeHTBi c neTBepraHHOH CTpyKTypon He AaiOT reTepornSpnAHBix npo- 
AyKTOB, HTO o6BHCHHeTCH pa3pBIBOM BO BpeMeHH HJIH npOCTpaHCTBe Me>KAy CHHTC- 
3om AByx ajuiejiBHBix $opM 6ejiKa y reTepo3nroT (Ferris, Whitt, 1978). 

TaKHM o6pa30M, y C. oncopelti (JyHKijHOHHpyiOT A®a «AonepHHx» JioKyca — 
MAr-1 nojiHMop$HBra, HMeioiAHH Tpn ajuiejin A, A 1 h A 11 , h mohomop^hbih Mab-2, 
roM03HroraBiH no ajuiejiio A. 

TeHeranecKaH CTpyKTypa y KjioHa C . oncopelti c TpexnojiocnaTBiM thhom 3HMorpaM- 
mbi HMeeT bha AAAA 1 , a y kjiohob c AByxnojiocnaTBiM thhom 3HMorpaMM — AAAA 11 . 

OECyHftEHH® 

OraocHTejiBHO HeAaBHo TpnnaHocoMaraA npeAnojiomHTejiBHo CHHTajin ramioH- 
TBMH H OnHCBIBaJIH y pa3JIHHHBIX BHAOB no 3 XpOMOCOMBI (PaHKOB, 1978). JIhihb 
b nocjieAnee BpeMH MeTOAaMH 3JieKTpoHHon mhkpockohhh (Solari, 1980a, 1980b) 
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h MOJieKyjiapHOH SnojiorHH (Borst e. a., 1980; Borst e. a., 1982) 6 lijih nojiyuema «aH- 
Htie, noKOJieSaBiime Hanra npenome npeACTaBJieHHH o idiohahocth HAep y 3 thx 
O praHH3MOB. 

BapnaSejibHocTb h303hmob M,II,r Ha Harnnx 3HMorpaMMax b paAe cjiyuaen 
aHajiornHHa toh, KOTopyio AaiOT AunjioHAHbie opraHH3Mbi c nojiOBbiM npoiteccoM. 
HanpnMep, y $n6po6jiacTOB uejiOBeKa h KHTancnoro xoMHuna (Fa-Ten Kao, Puck, 
1970), y pbi6 (CjibiHbKo, 1976a, 19766; KnpnHUHHKOB, 1979), y ijecTOA (Valerio 
e. a., 1983) h HeMaTOA (Hermoso e. a., 1983). 

AHajiorna He MO>ueT cjiynuiTb SeccnopHbiM AOKa3aTejibCTBOM, ho no3BOJiaeT 
npe,n;nojio>KHTb y kphthahh ahhjiohahio h Hajinane reHeTHuecKnx oSmchob. J\h- 
njiOHftna A^JiaeT BecbMa BepoaTHbiM Hajinane noaoBoro npoijecca b >KH3HeHHOM 
H,HKJie KpHTHflHH, nOTOMy HTO ^OCTOBepHblX ^HnjIOHTOB, JIHHieHHbIX noaoBoro npo- 
n,ecca h uepeflOBamia HAepHbix (Ja3 cpe^n npocTenninx, noua He o6Hapy>KeHO' 
(PaiiKOB, 1967, 1978). 

CymecTBOBamie jioKyca MAr-2 b jjByx roM03nroTHbix cocToaHnax y Crithidia 
asclepii TaK>Ke yKa3biBaeT Ha Hajinane b >KH3HeHHOM ijHKJie kphthahh Kaanx-To 
reHeTHuecKHx oSmchob, HMeioiAHx MecTO b HacToamee BpeMa jih6o nponcxoflHB- 
hihx b HejjajieKOM npomjiOM. B caMOM AGJie, ecjrn reHOM ^nnaonfleH, to fljia Toro 
hto6bi oSbacHHTb nepexoA roM03HTbi H3 oAHoro cocToaHna b APyroe npn oTcyTCTBHH 
Meiio3a, HeoSxoAHMO, hto6bi b AByx ajuieaax oahoto h Toro me JioKyca, y oahoh 
h toh me oco6h npoH3omjia OAHa h Ta me MyTaipia. 9 to co6brrae MajiOBepoaTHO r 
no3TOMy HaSjiioAaeMyio roM03nroTHocTb no pa3HbiM ajiJiejiaM y C . asclepii HanSojiee 
npaBAonoAoSHO oSbacHHTb npncyTCTBHeM b >KH3HeHHOM ipiKJie 3Toro opraHH3Ma 
Meiio3a. Hajinane b >KH3HeHHOM ipiKJie C. oncopelti reHeTHuecmix oSmchob noA- 
TBep>KAaeTca TaK>ne paSoTaMH no nojiyaeHHio peKOM6nHaHTOB Me>KAy KjiOHaMH, 
pe3HCTeHTHbIMH K H,HKJIOreKCeMHAy H XJIOpaM(J)eHHKOJiy (KpblJIOB H AP- ? 1982). 

Cxoactbo n pa3jmana b H303HMHbix cneKTpax M^r Me>KAy KjiOHaMH b npeAejiax 
OAHoro BHAa h Me>KAy pa3m>iMH BHAaMH kphthahh mojkho ncnojib30BaTb Tan m& 
AJia TaKCOHOMHaecKHX Aejien. B paSoTe npnMeHeH ynpomeHHbiH cnoco6 onpeAeae- 
Hna cxoACTBa Me>KAy KjiOHaMH h BHAaMH kphthahh no IUoy (Shaw, 1970). 

11 

Q = 0.5 (Nx + N 2 ) ’ 

rAe Q — HHAenc cxoACTBa, n — hhcjio cxoahbix noaoc b 3HMOAeMax, N x h N 2 — 
o6m,ee hhcjio noaoc b 3HMOAeMax. OKa3ajiocb, hto HHAenc cxoACTBa mokay kjio- 
hbmh b npeAejiax bhaob C. asclepii h C. oncopelti cocTaBJiaeT 1.0—0.4, b to BpeMar 
nan mokay BHAaMH oAHHanoBbix h303hmob He o6Hapy>neHo. 9 to yKa3biBaeT, nan Ha 
$HjioreHeTHaecKyio o6iH,HocTb kjiohob b npeAejiax BHAa Tan h Ha 3HauHTejibHbie- 
(|)HjioreHeTHaecKHe pa3JiHana Me>KAy BHAaMH C. asclepii h C. oncopelti. 
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MULTIFORMS OF MALATE DEHYDROGENASE (K.F.1.1.1.37) 

IN CRITHIDIA ASCLEPII AND C. ONCOPELTI 
(MASTIGOPHORA, TRYPANOSOMATIDAE) 

M. V. Krylov, L. M. Belova 
SUMMARY 

Isozyme analysis of mMDH in Crithidia asclepii and C. oncopelti by means of electropho¬ 
resis and densimetry method suggests the diploidness and genetic exchange in these organisms. 
Synthesis of mMDH in C. asclepii is checked by duplicated polymorphic loci MDH-1 and 
MDH-2, each with two alleles. In C. oncopelti two «daughter» loci are functioning too, poly¬ 
morphic MDH-1 with 3 alleles and monomorphic MDG-2. Resemblance and differences in the 
isozyme spectra of mMDH can be used for taxonomic purposes. 



